essential safeguard for such patients. Perhaps careful vasodilatation by drugs such as phenoxybenzamine may reduce the left ventricular work load and at the same time discourage the transfer of blood from the systemic to the pulmonary circulation. I referred earlier to the urine flow as indicating perfusion of the kidney. There is, however, no simple, direct relation between the blood supply to the kidney and the volume of urine secreted except under special conditions. The ratio of glomerular filtrate to the renal plasma flow varies with many factors which include catecholamine levels, body temperature and cardiac function. Furthermore, the resulting filtrate is modified in its passage down the renal tubule in response to the need to maintain homeostasis of the extracellular fluid. Nevertheless, prudent men have not disdained to seek information, under the bed, from one of the more reliable pieces of monitoring equipment. So also central venous pressure measurement needs a minimum of instrumentation but a modicum of sophistication in interpretation of the results.
(Nuffield Department ofAnasthetics and Department ofNeurology, United Oxford Hospitals)
Sympathetic Overactivity in

Severe Tetanus
Tetanus is a disease whose primary symptoms of increased tonic and spasmodic activity of skeletal muscle are caused by diminished inhibition within the central nervous system induced by the neurotoxin of Clostridium tetani (Curtis 1959 ). In the last fifteen years, treatment of patients with this disease by total paralysis and intermittent positive pressure ventilation (IPPV) has made it possible to overcome the lethal effects of the muscle spasms. Nevertheless, the mortality rate from tetanus in this country has remained at a much higher level than in other conditions in which severely paralysed patients are treated with prolonged artificial ventilation. In seeking reasons for this continuing high mortality, it became apparent that many of the severely ill tetanus patients presented a characteristic clinical picture which has not been observed in other patients requiring similar treatment, including those with milder attacks of tetanus. A retrospective study was carried out on all the patients treated for tetanus in the United Oxford Hospitals in the years 1956 to 1967, and the notes of the 44 whose attack had been sufficiently severe to require tracheostomy, curarization and IPPV were thoroughly examined (Kerr et al. 1968 ).
The most striking features were those relating to the cardiovascular system. The records of many of the patients with severe tetanus showed hypertension which started a few days after IPPV commenced and disappeared by the time the patient left hospital. With the increase in the level of the blood pressure there was an increase in its variability, and successive half-hourly readings of systolic pressure often varied by more than 100 mmHg. The pulse rate also tended to increase and to fluctuate with the blood pressure, so that the highest rates tended to accompany the highest pressures. Irregularities of cardiac rhythm were observed in several patients, including supraventricular tachycardias and ectopic beats of both supraventricular and ventricular origin. Most of the patients with severe or moderate tetanus sweated profusely at some stage of their illness sometimes in the presence of normal body temperatures. Metabolic observations included the findings that paralysed and artificially ventilated patients with severe tetanus had increased carbon dioxide outputs, and also that they tended to excrete large amounts of catecholamines. Following the period of fluctuating hypertension, some of the severely affected patients developed hypotension accompanied by hyperpyrexia and profound peripheral vasoconstriction with a glove and stocking distribution. Treatment in this late stage was very discouraging, as many others have found (Alhady et al. 1960 , Clifton 1964 , Macrae 1967 .
These clinical features have all been observed before and various combinations have been described as 'brain-stem intoxication' (Glossop & Low 1957 , Montgomery 1961 , 'hypertensive encephalopathy' (Ablett 1967) , 'toxic myocarditis' (Alhady et al. 1960) and 'late toxemia' (Macrae 1967) . Since many of the clinical features resembled those seen in the 'fight or flight' reaction and in patients with phaeochromocytoma, it was suggested that the clinical syndrome present in severe tetanus was due to continuous but fluctuating overactivity of the sympathetic nervous system (Kerr 1967 , Kerr et al. 1968 ).
Since the formulation of this theory, 21 patients with tetanus have been admitted to the Respiration Unit in Oxford, of whom 11 had severe tetanus and the others mild or moderate tetanus. All the patients with severe tetanus were treated with tracheostomy, curarization and IPPV, sedation ranging from minimal to heavy, and anticoagulation. Of these, 7 who developed hypertensive cardiovascular disturbances were studied in detail, using methods described more fully by Corbett, Kerr, Prys-Roberts, Crampton Smith & Spalding (1969) . Continuous direct measurement of the arterial and central venous pressures was carried out for periods of between a few hours and nineteen days. The heart rate was derived from the arterial pressure signal and, with the cardiovascular and airway pressures, recorded continuously on paper while the electrocardiogram was displayed on an oscilloscope. Intermittent measurements were made of cardiac output, metabolic rate, blood gas tensions, sweating and the excretion of catecholamines and corticosteroids.
The 7 patients who have been investigated using these techniques showed many similar features. Their early progress can be illustrated from the records of a 9-year-old boy who developed severe tetanus after a seven-day incubation period and an onset period of less than twentyfour hours. Tracheostomy was performed on admission, and he was curarized immediately to control the muscle spasms. He was sedated with chlorpromazine and given human ATS and penicillin. At the time of his first spasms, his blood pressure was 110/65, the heart rate 80/min and the temperature normal, but after an initial period of comparative stability, there was a progressive rise over the next two days in systolic blood pressure and heart rate and in the variability of the blood pressure (Fig 1) . In these 7 patients intra-arterial pressure recording was commenced when signs of cardiovascular instability appeared, and in this patient was started on the third day from the onset of trismus and continued for ten days.
The continuous records showed that the blood pressure reached considerable heights and varied very frequently over periods of a few minutes ( Fig  2) . All the patients had systolic pressures of well over 200 mmHg for periods of hours and in 2 patients it sometimes exceeded 300 mmHg. Various causes of hypertension were considered. Ventilation was adequate at all times when blood gas tensions were measured and so a hypoxic or hypercapnic cause for the hypertension seems unlikely. Renal perfusion was probably satisfactory since the urinary flow rate and specific gravity were normal and, except in one patient, the blood urea was not elevated in spite of a greatly increased load from protein breakdown. Adrenal glucocorticoid secretion was somewhat raised though, in view of the rapidity with which the blood pressure and tachycardia varied, it seems unlikely that these hormones are the cause of the hypertension. Increased sympathetic activity as a cause for the hypertension in tetanus was suggested both by the increased catecholamine excretion (Kerr et al. 1968 ) and by the raised blood levels which Keilty et al. (1968) have reported. A predominantly nervous rather than humoral type of activity was indicated by their finding that the principal constituent was noradrenaline.
All the patients at some time in their illness showed spontaneous increases in blood pressure paralleled by increases in the heart rate and central venous pressure suggesting that intense bursts of autonomic activity were occurring, superimposed upon tonic sympathetic overactivity. Increased irritability of the sympathetic nervous system was also indicated by excessive sweating and by exaggerated cardiovascular responses to stimuli such as movement (muscle spasms attenuated by curare), and aspiration of secretions from the respiratory tract. The increases in blood pressure during tracheal aspiration were much greater than have been observed in other paralysed patients receiving IPPV (Corbett, Kerr & Prys-Roberts 1969) , and were accompanied by central venous pressure rises of up to 10 cmH2O.
Cardiac output was measured on several occasions in 5 patients and was invariably higher than normal, the cardiac indices ranging from 160% of predicted basal in a 73-year-old woman to 250% in a boy aged 9. The arteriovenous oxygen content difference is an index of how well the tissues are perfused in relation to their metabolic demand for oxygen and usually increases with metabolic rate. The low arteriovenous oxygen content differences (1 7-3 8 vols. %) found in our patients with severe tetanus indicate that cardiac output was disproportionately increased in relation to metabolic rate, and this would be explained by excessive sympathetic drive to the heart. Though the elevated cardiac outputs were often accompanied by high blood pressures, systemic vascular resistance was not increased on many occasions when measurements were made. In a 41-year-old man, however, systemic vascular resistance was normal on the third day of tetanus, but increased steadily to double its value by the fifth day. This increase was paralleled by cardiovascular instability and, on the fifth day, there was obvious peripheral pallor and coolness of the skin.
Intensive cardiovascular monitoring for periods which have exceeded two weeks in some patients has confirmed our retrospective survey, and shown that many features present in severe tetanus are caused by an increase in the activity and irritability of the sympathetic nervous system. I There have been 4 patients in our series whose deaths were unexplained at necropsy and who displayed many of these features before death. It seems likely that these deaths can be attributed directly to sympathetic overactivity which may also have been a contributory factor in other fatalities since it has been stressed that prolonged sympathetic stimulation has a wide range of deleterious effects, particularly cardiac and vascular ones (Raab 1966 Patients with severe tetanus are routinely treated by a regime of tracheostomy, curarization, adequate sedation and intermittent positive pressure ventilation (IPPV). Anticoagulant therapy is also used prophylactically to prevent peripheral deep venous thrombosis and pulmonary embolism (Kerr et al. 1968 ). This paper describes the results of supplementary therapy to control severe cardiovascular disturbances in 4 patients with severe tetanus, all of whom recovered. It should be stressed that these cardiovascular disturbances in tetanus can carry a high mortality.
The form of therapy used derives from the suggestion that the clinical and physiological syndrome already described may be due to sympathetic overactivity. The aim has been to suppress such overactivity, where it exists, by three pharmacological methods: (1) The use of drugs having nonspecific anti-adrenergic activity: phenothiazine derivatives. (2) Nonspecific suppression of neuronal activity using general antsthetic agents. (3) Specific suppression of adrenergic transmission at nerve-endings and receptors (Prys-Roberts et al. 1969) .
Phenothiazines: Chlorpromazine, promazine and promethazine are widely used as general sedatives and tranquillizers in the management of tetanus. The severe disturbances already described occurred despite the use of large doses of chlorpromazine (up to 1,200 mg/48 hours), and intravenous administration of chlorpromazine (I -6 mg/kg in patients S M and P S) produced only a transient reduction of arterial pressure and had little or no effect on the labile tachycardia. It has been our general impression that chlorpromazine, although a useful general sedative in mild or moderate tetanus, does not provide satisfactory control of the cardiovascular disturbances arising in severe tetanus.
General ancesthetic agents: Nitrous oxide has been shown to suppress the circulatory disturbances in tetanus (Prys-Roberts et al. 1967 ) but long-term use of this agent is precluded by the dangers of bone marrow depression (Lassen et al. 1956 ). Nitrous oxide (60%) was used successfully as a temporary measure in patients S M and P S for periods of twelve hours only. Anesthesia with 0-3-1 % halothane vaporized in air was subsequently used in patient S M for a period of four days, and this controlled the cardiovascular disturbances during this time. There was mild circulatory instability following withdrawal of halothane, but this regressed spontaneously. 
